Abstract: DK Cyg (P = 0.4707) is a W Ursae Majoris type eclipsing binary system that undergoes complete eclipses. All the published photoelectric data have been collected and utilized to re-examine and update the period behavior of the system. A significant period increase with rate of 12.590x10 -11 day/cycle was calculated. New period and ephemeris has been calculated for the system. A long term photometric solution study was performed and a light curve elements were calculated. We investigated the evolutionary status of the system using theoretical evolutionary models.
Introduction
The eclipsing binary DK Cyg (BD +330 4304, .93 m v and spectral type A7V) is a well known W UMa type binary with a period of about 0.4707 days. It was discovered as variable star earlier by Guthnick&Prager (1927) , so their epoch of intensive observations is very long. The earliest photographic light curve shows that the system is of the W Ursa Majoris type. Visual light curves were published by Piotrowski (1936) and Tsesevich (1954) from Klepikova's observations. First photoelectric observations for the system were carried out by Hinderer (1960) , while Binnendijk (1964) observed the system photoelectrically in B and V bands and derived least squares orbital solution using his observed light curves. The observations showed scatter which may indicates non-periodic fluctuations, especially in the secondary minimum. The system DK Cyg was classified in the general Catalogue of Variable Stars as A7V (Samus, 2014) , while Binnendijk (1964) adopted it as A2. Mochnacki&Doughty (1972) showed that the color index of the system judged its spectral type and found that the spectral type of the system is more likely to be about F0 to F2. Because of the system DK Cyg is a summer object in the Northern hemisphere with 11.5-hour period and short durations of night, it is bound to remain ill-observed (Awadalla, 1994) . Only three complete light curves by Binnendijk (1964) , Paparo et al. (1985) , and Awadalla (1994) were published. Photoelectric observations and new times of minima have been carried by many authors: Borkovits et al. (2004) , Sarounova and Wolf (2005) , Drozdz and Ogloza (2005) , Hubscher et al. (2006) , Dogru et al. (2007) , Hubscher et al. (2008) , Hubscher et al. (2010 ), Erkan et al. (2010 , Diethelm (2010 ), and Dogru et al. (2011 ) ,Simmons, (2011 ) ,Diethelm (2012 ) ,and Diethelm (2013 .
In the present paper we are going to perform comprehensive photometric study of the WMa system DK Cyg.
Period change
Although the period variation of contact binary systems of the W UMa-type is a controversial issue of binary star astrophysics, the cause of the variations (long-as well as short-term) is still a mystery for a discussion of possible physical mechanisms (Kiss et al., 1999) . Magnetic activity cycle is one of the main mechanisms that caused a period variation together with the mass exchange between the components of each system. Observations by Binnendijk (1964) showed a change of the secondary minimum depth and a new linear light element was derived. Period study by Paparo et al. (1985) showed that the orbital period of the system DK Cyg increases and the first parabolic light elements were calculated, which confirmed the light curve variability. Kiss et al. (1999) updated the linear ephemeris of DK Cyg, while Awadalla (1994) re-calculated a new quadratic element for the system and confirmed the light curve variability suggested by Paparo et al. (1985) . Wolf et al. (2000) used a set of 101 published times of minimum covering the interval between 1926 -2000 in order to update the quadratic element calculated by Awadalla (1994) . They showed that the period increases by the rate 11.5x10 -11 day/cycle. Borkovits et al. (2005) follow the period behavior of the system using set of published minima from HJD 2424760 TO HJD 2453302. A continuous period increasing was adopted in agreement with previous results with an updated quadratic element.
In this paper we studied the orbital period behavior of the system DK Cyg using the (O-C) diagram based on more complete data set collected from the literatures and databases of BAV, AAVSO, and BBSAG observers. Part of our collected data set was given by Kreiner et al. (2001) ; and unpublished Hipparcos observations and main part were downloaded from website (http:J//astro.sci.muni.cz/variables/ocgate/); (see Table 1 ). A total of 195 minima times were incorporated in our analysis covering about 86 year (66689 orbital revolutions) from 1927 to 2013.
It's clear that our set of data added about 94 of new minima and increases the interval limit of the orbital period study about 13 year over than the data of Wolf et al. (2000) , which give an accurate indication about the period behavior of the system. The different type of collected minima ( i.e.
photographic, visual, photoelectric and CCD) were weighted according to their type. The residual (O-C)'s were computed using Binnendijk (1964) ephemeris (Eq.1), and represented in Fig. 1 The rate of period increasing resulting from the quadratic elements (Eq.3) is dP/dE = 12.568x10
day/cycle or 9.746x10 -8 day/year or 0.84 second/century. As the (O-C) curve shows a parabolic distribution, we can refer the period variation to the mass transfer between the components of the system. More future systematic and continuous photometric observations are needed to follow a continuous change in the orbital period of the system DK Cyg which may show a periodic behavior.
The fourth column of Table 1 represents the quadratic residuals (O-C)q calculated using the new element of Eq. 2 and represented in Fig. 2 . All published linear and quadratic elements together with that result from our calculations are listed in Table 2 . It is noted from the table that the quadratic term resulted from our calculations have slightly higher value than that calculated by Awadalla (1994) , Wolf et al. (2000) , and Borkovits et al. (2005) , which can be interpreted by the increases the set of minima in our study than that they used (nearly double) and also we covered an interval larger than that they used. 
Light Curve Modeling
Light curve modeling for the system DK Cyg by Mochnacki&Doughty (1972) using Binnendijk (1964) observations in V band showed un-matching between the theoretical curve and the observations. The theoretical curve is deeper than the observations at primary minimum, which may give inaccurate light curve parameters. The photometric mass ratio calculated from their accepted model was qph=0.33±0.02, while the spectroscopic value estimated using radial velocity study by Rucinski and Lu (1999) is qsp=0.32±0.04. In the present work we used the complete published light curves by Binnendijk (1964) , Paparo et al. (1985) , and Awadalla (1994) in V-band through a long term photometric solution study in order to estimate the physical parameters of the system, to follow its evolutionary status. Light curves published by Baran et al. (2004) didn't included in our study because the individual observations of the observed light curves are not avilable for us.
Photometric analysis for the studied light curves of the system DK Cyg were carried out using Mode 3 (overcontact) of WDint56a Package (Nelson 2009 ) which based on the 2009 version of Willson and Devinney (W-D) code. The observed light curves were analyzed using all individual observations instead of the normal points which don't reveal a real light variation of the system. Gravity darkening and bolometric albedo exponents appropriate were assumed for the convective envelopes. We adopted g1 = g2 = 0.32 (Lucy 1967) and A1 = A2 = 0.5 (Rucinski, 1969) .
Bolometric limb darkening values are adopted using the table of Van Hamme (1993). Temperature of the primary star was adopted according to Baran et al. (2004) model with some amendment according to the studied light.
The adjustable parameters are the mean temperature of the secondary component T2, orbital inclination i, and the potential of the two components Ω = Ω1 = Ω2, while the spectroscopic mass ratio (qsp= 0.32 ± 0.04) by Rucinski and Lu (1999) , was fixed for all calculated models together with the primary star's temperature (T1). Photometric solutions for the studied light curves using unspotted models (not shown here) do not fit the observed ones well at all. Therefore, a spotted model was adopted and a photometric fitting was reached after several runs, which showing a well matching between the theoretical light cures and the observations. Table 3 Table 3 are indicative of comparisons in future studies, since the number of observations and the accuracy is not the same in the three light curves. The accepted solutions revealed a spotted model with migration in the spots longitude and decrease in spot radius, which mean that our spotted model give a reasonable uniform description of the system DK Cyg. The accepted model using Awadalla (1994) light curve, including additional hot spot (spot B) in the primary component which is exposed during secondary eclipse causes raising in Min II, and interprets the sudden increase in the light level at secondary minimum as noted by Awadalla (1994) .Absolute physical parameters for each component of the system DK Cyg were calculated based on the results of the radial velocity data of Baran et al. (2004) and our new photometric solution for each light curve.
The calculated parameters are listed in Table 3 . The results show that the primary component is more massive and hotter than the secondary component. A three dimensional geometrical structure for the system DK Cyg is displayed in Figure 4 using the software Package Binary Maker 3.03 (Bradstreet and Steelman, 2002) based on the calculated parameters resulted from our models. (1985) , and Awadalla (1994) for the system DK Cyg. Paparo et al. (1985 ) Awadalla (1994 Figure 4: Three-dimensional models of the components of DK Cyg. .
Discussion and Conclusion
Studying of the period behavior of the system DK Cyg based all available published times of minima, covering 86 yr of observations including 195 times of light minima shows a continuous period increase with the rate dP/dE = 12.590 x10 -11 day/cycle or 9.763 x10 -8 day/year or 0.84 second/century. A new linear and quadratic elements were calculated based on all available published data and yields a new period of P = 0.47069203 day. A long term photometric study was performed using published observations by Binnendijk (1964 ), Paparo et al. (1985 , and Awadalla (1994) . Absolute physical parameters for the system were calculated based on the accepted photometric solutions. More systematic and continuous photometric observations for the system DK Cyg are needed to confirm a continuous change in the period and follow its light curve variation.
One of the difficulties for W UMa binaries is to use stellar models of single stars to investigate the evolutionary status of these systems. However, using these theoretical models may
give approximate view about the evolutionary status of the system.
We used the physical parameters listed in Table 4 we plotted sample of W-type contact binaries listed in Table 5 . The components of DK Cyg have the same behavior of the selected W-type systems.
The mass-effective temperature relation (M-Teff) relation for intermediate and low mass stars (Malkov, 2007) is displayed in Figure 7 . The location of our mass and radius on the diagram revealed a good fit for the primary and poor fit for the secondary components. This gave the same behavior of the system on the mass-luminosity and mass-radius relations. Table 5 . Table 5 . Girardi, L., Bressan, A., Bertelli, G., Chiosi, C., 2000, A&AS 141, 371.
